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COMPOSITIONS FOR DISSOLUTION OF LOW-K DIELECTRIC FILMS, 
5 AND METHODS OF USE 

FIELD OF THE INVENTION 

The present invention relates to compositions and methods for their use in cleaning or 
etching of wafers used in the fabrication of semiconductor devices. More particularly, the 
10 invention relates to compositions for selectively removing low-k dielectric layers and/or 
photoresist layers on the wafers while controlling the rate of removal of the material, and 
methods using the compositions. 

BACKGROUND OF THE INVENTION 

Many semiconductor processes require wafer measurements to be made from time to 
m time for production-line quality control, product stability, and conformance to specifications. 
! J Generally, the processing results are evaluated after each significant step. Since many tests are 
h= destructive or will harm the product wafer, the measurements are typically performed on a test or 
20\ "dummy" wafer, which are blank wafers that are mixed in with the product wafers. Dummy 
?\ wafers are specially prepared to have similar characteristics as the product wafers. Typically, a 
k- dummy wafer is made of silicon, although other alternative materials have been described. Since 
%\ silicon wafers are expensive, when the processing and testing is completed, the dummy wafers 
are usually cleaned, inspected, and reused. In the recovery or recycling of dummy wafers, it is 
25 important to provide a clean surface for subsequent processing. In the recycling of dummy 

wafers used in a masking photoresist process, it is important to completely remove blanket films 
of oxide and resist layers from the surface of the wafer down to the bare silicon. 

Wet chemical processing is conventionally used for cleaning the surfaces of wafers. The 
cleaning is performed in order to produce a wafer having a silicon surface that is hydrophobic 
30 and repels water as the wafer is pulled out of the bath. The wafers are then rinsed in deionized 
water, dried in heated nitrogen gas (N 2 )> and transferred to a processing operation, or stored. 
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Aqueous mixtures of hydrogen peroxide (H 2 0 2 ) and sulfuric acid (H 2 S0 4 ) are commonly 
used to strip or remove photoresist from a wafer surface after an etch processing step, or to 
remove a misaligned resist pattern from a wafer for re-imaging after development and inspection 
("rework"). In such applications, it is desirable that the layer that is present under the resist, 

5 including, for example, silicon dioxide, remains intact on the wafer surface. In such cases, it is 
important to quickly remove the photoresist layer without attacking the underlying material. 
However, organic components in an underlying low-k dielectric layer, can alter the selectivity of 
the dielectric material to a resist layer. 

In other applications, it is desirable to completely remove the oxide layer from a silicon 

10 surface. Hydrofluoric acid (HF) is conventionally used as a component of oxide etchants. HF 
solutions provide selective etch rates of about 100:1 or better for Si0 2 :Si, and effectively etch 
away the oxide but not the underlying silicon wafer material. Prevalent HF solutions include, for 

r j example, a 1 : 10 mixture of 49% hydrofluoric acid (HF) and water, and a dilute 1 :6 aqueous 

'M mixture of HF and ammonium fluoride (NH 4 F). However, wet HF chemistries have difficulty 
removing low-k dielectrics such as a TMS-based low-k dielectric film, largely due to organic 

=ii components in the oxide films. As a result, cleaning with an HF solution can leave the wafer 

f]f with a gummy organic residue on the surface. 

iS Therefore, it would be desirable to provide an improved composition for dissolution of 

m low-k dielectric films from silicon-comprising surfaces. It would also be desirable to provide a 
2jj; cleaning composition that will completely remove low-k dielectric and photoresist components 
□ from the surface of a substrate such as a dummy wafer. It would also be desirable to provide a 
composition that can be modified to provide removal of a low-k dielectric material such as a 
TMS-based low-k dielectric film, from a wafer surface over a range of removal rates according 
to the application at hand. 

25 

SUMMARY OF THE INVENTION 

The present invention provides a cleaning composition for use in wet cleaning or etching 
of a wafer surface, and a method of cleaning or etching wafer surfaces by applying the 
composition. 
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The cleaning composition is an aqueous solution that includes one or more effective 
amounts (v/v) of one or more fluorine-comprising compounds and one or more compatible acids 
to achieve the desired selectivity to resist and/or a low-k dielectric, and the desired rate of 
removal of the low-k material and/or the resist. A preferred composition according to the 

5 invention is an aqueous solution consisting essentially of the one or more fluorine-comprising 
compounds and the one or more acids. 

The cleaning composition can be modified according to the invention to provide removal 
of a low-k dielectric material from the surface of a semiconductor wafer or other substrate over a 
range of removal rates according to the application at hand. In particular, the 

10 fluorine-comprising compound and the amount that is used, and also the amount of the acid 
component that is used, can be varied according to the invention to provide rapid removal of a 
low-k dielectric material and/or organic materials such as photoresist from the surface of the 

Ci wafer at a rate of removal of greater than about 1000 angstroms per minute, or to provide 
controlled removal of either or both of those materials from the wafer surface at a slow to 

vi} moderate rate of removal of about 50 to about 1000 angstroms per minute. The composition of 

4} the invention is useful in removing low-k dielectrics including, for example, trimethylsilane- and 

H dimethylsilane-based low-k dielectrics. 

For example, the composition can be formulated for use in a processing step such as a 
i^i post-etch cleaning where it is desirable to remove low-k dielectric material at a slow and 

2jJ: controlled rate so as to provide better process control. In that case, the cleaning composition is 
O formulated with a relatively dilute concentration of the fluorine-comprising compound. By 
comparison, in a dummy recycling operation after a photoresist deposition or etching step, it is 
highly desirable to quickly and completely remove the low-k dielectric material and any 
photoresist or other organic components that may be present from the surface of the wafer, 

25 whereby the surface of the wafer is hydrophobic and water sheets off the surface of a wafer. In 
that case, a relatively high concentration of fluorine-comprising component is used in the 
composition. The composition can also be formulated to remove photoresist from a wafer, for 
example, after a mask operation, and leave the underlying low-k dielectric layer intact. 
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Suitable fluorine-comprising compounds are those that will speciate or ionize to provide 
fluoride ions at about pH 3 to 9. The fluorine-comprising compound can be an inorganic 
fluoride compound such as hydrofluoric acid (HF) and ammonium fluoride (NH4F), or an 
organic fluoride compound such as tetramethylammonium fluoride and hydrogen fluoride 
5 pyridinium. Combined with the inorganic fluorine-comprising compound is an organic acid 
component that can be one or more of a monobasic, dibasic or tribasic organic acid, and is 
preferably citric acid, acetic acid, ascorbic acid, or mixtures thereof. An organic fluorine- 
comprising compound, when used, is combined with an inorganic acid such as sulfuric acid, 
among others. The acid component is included in an amount to control the pH of the 
10 composition at about 3 to about 9. 

The invention also provides a method of cleaning a surface of a wafer. One embodiment 
of the method includes providing an aqueous cleaning composition that includes at least one 
C j fluorine-comprising compound and at least one acid component, and has a pH of about 3 to 
ii! about 9; providing a wafer having a low-k dielectric layer and an overlying photoresist layer on 
at least one surface; and contacting the surface of the wafer having the low-k dielectric material 
: ^ and photoresist layers thereon with the cleaning solution under conditions effective to remove 
m both of the low-k dielectric material and the photoresist layers substantially completely from the 
is surface of the wafer, at a desired rate of removal whereby the resulting cleaned surface of the 

wafer is hydrophobic and water sheets off the surface of the wafer. 
2pu Another embodiment of the method includes providing an aqueous cleaning composition 

!~ that includes at least one fluorine-comprising compound and at least one acid component and has 
a pH of about 3 to about 9; providing a wafer having a masked or unmasked low-k dielectric 
material on at least one surface; and contacting the surface of the wafer having the low-k 
dielectric material thereon with the cleaning solution under conditions effective to remove at 
25 least a portion of the low-k material at a desired rate of removal. 

A further embodiment of the method includes providing an aqueous cleaning 
composition that includes at least one fluorine-comprising compound and at least one acid, and 
has a pH of about 3 to about 9; providing a wafer having a low-k dielectric layer and an 
overlying photoresist layer on at least one surface; and contacting the surface of the wafer having 
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the low-k dielectric and photoresist layers thereon under conditions effective to remove the 
photoresist layer at a desired rate of removal while leaving the a low-k dielectric layer essei 
intact. 


BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the invention are described below with reference to the 
following accompanying drawings which are for illustrative purposes only. Throughout the 
following views, reference numerals will be used on the drawings, and the same reference 
numerals will be used throughout the several views and in the description to indicate same or like 
parts. 

FIGS. 1A-1B are general illustrations of cross-section of a wafer having a layer of a low- 
k dielectric material and an overlying photoresist layer on a surface, before and after cleaning, 
respectively, to remove both layers from the surface of the wafer in accordance with one 
embodiment of the method of the present invention. 

FIGS. 2A-2B are general illustrations of cross-section of a wafer having a layer of an 
unmasked low-k dielectric material on a surface, before and after cleaning, respectively, to 
. l remove the low-k dielectric layer in accordance with another embodiment of the method of the 
present invention. 

FIGS. 3A-3B are general illustrations of cross-section of a wafer having a layer of low-k 
dielectric material and an overlying photoresist layer on a surface, before and after cleaning, 
respectively, to remove the photoresist layer from the wafer in accordance with another 
embodiment of the method of the present invention. 

DETAILED D ESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides improved cleaning of a wafer surface in the production of 
semiconductor wafers. Aqueous blends of at least one fluorinated compound and at least one 
compatible acid are provided that can be optimized by task for removal of low-k dielectric 
material and photoresist or other organic components from the surface of a wafer. 
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In accordance with the present invention, the compositions can be formulated to provide 
rapid removal of a low-k dielectric material, a controlled low to moderate rate of removal of a 
low-k dielectric material, removal of both resist and low-k dielectric materials, and/or removal of 
photoresist material with selectivity to low-k dielectric material. The blends are used for 
5 removal of a low-k dielectric layer and/or a layer of photoresist or other organic layer with 
selectivity to an underlying layer of a silicon substrate. 

The fluorine-comprising compound which attacks the low-k dielectric material, is 
combined with an acid component that assists in the dissolution of the organic components. The 
pH of the cleaning composition is maintained at an appropriate level by the addition of an 
10 effective amount of the acid component to provide an environment for speciation of the 

fluorine-comprising compound to fluorine ions, and to achieve the desired etch selectivity. At a 
pH >9, free fluorine is available only as fluoride ions (F) which has little etching effect on 
CI silicon oxide material. At a pH <3, the available fluorine species are dominantly molecular, i.e., 
q% HF and H 2 F 2 . At an about pH 3.5, there is a mixture of species present. Preferably, the pH of 
1^1 the composition is maintained at a pH of about 3 to about 9 such that the ionic fluorine species 
41 dominates. By adjusting the pH, the dominant species of fluorine (HF 2 ~) in the cleaning 
Qi composition can be varied to adjust the etch rate on the low-k dielectric material. 

Suitable fluorine-comprising compounds are those that speciate and release fluoride ions 
P? at a pH between about 3 to about 9. Examples of suitable fluorine-comprising compounds, i.e., 
2(T[ include inorganic fluorines such as hydrofluoric acid (HF), ammonium fluoride (NH 4 F), and 
mixtures thereof; and organic fluorines such as tetramethylammonium fluoride, hydrogen 
fluoride pyridinium, triethylamine trihydrofluoride, and other straight, branched, cyclic or 
aromatic derivatives, and mixtures thereof. 

In the use of HF, NH 4 F, or other inorganic fluorine-comprising compound, the acid 
25 component is an organic acid. Suitable organic acids include, but are not limited to monobasic 
acids such as formic, acetic, propionic, n-butyric, isobutyric, and benzoic acid; dibasic acids such 
as ascorbic, gluconic, malic, malonic, oxalic, succinic, and tartaric acids; tribasic acids such as 
citric and gallic acids; and mixtures thereof. In the use of an organic fluorine-comprising 
compound, a suitable inorganic acid is used, as for example, sulfuric acid, hydrochloric acid, 
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nitric acid and phosphoric acid. The composition is typically in the form of a solution, and 

includes a solvent, preferably water, for dilution of the components. 

The cleaning composition includes the fluorine-comprising compound and acid 

component in an amount effective to provide the desired selectivity and etch rate for removal of 
5 low-k dielectric material and/or a polymeric photoresist. Combinations of various 

inorganic/organic fluorine-comprising compounds and organic/inorganic acids according to the 

invention can be used for the desired results. 

A first embodiment of a cleaning composition according to the invention and a method 

for its use in cleaning or etching the surface of a semiconductor wafer, is described with 
10 reference to FIGS. 1A-1B. 

Referring to the figures, a portion of a wafer 10 is shown prior to cleaning (FIG. 1A) and 

after cleaning (FIG. IB). The wafer 10 includes a substrate 12, for example, a silicon substrate, 
u with a surface 14. A layer or film of a low-k dielectric material 16 overlies the surface 14 of the 
m substrate 12. Overlying the low-k dielectric layer 12 are portions of an organic component 18 
Yi \ such as photoresist mask. 

~ According to the invention, a cleaning composition can be formulated to provide 

M complete removal of the photoresist layer 18 and low-k dielectric layer 16 from the surface 14 of 

U the silicon substrate 12. FIG. IB depicts the portion of the wafer 10 after cleaning, with the 

low-k dielectric layer 16 and the photoresist layer 18 having been completely removed by the 
2jU cleaning process, resulting in a hydrophobic, oxide-free silicon surface 14. 

The substantially complete removal of both a low-k dielectric material and a photoresist 
layer is particularly useful in the recycling of wafer dummies where it is desired to completely 
remove all low-k dielectric and organic materials including a photoresist layer from the wafer 
down to bare silicon to produce a clean surface that is hydrophobic (i.e., water sheets off the 
25 surface), for reuse of the wafer dummy in production. 

A useful cleaning composition according to the invention for the substantially complete 
removal of a low-k dielectric material and a photoresist layer or other organic material from the 
surface of a silicon-comprising semiconductor wafer is an aqueous solution that includes an 
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inorganic fluorine-comprising compound such as HF, NH4F, and mixtures thereof, and an 
organic acid such as citric acid, among others. 

An example of a preferred composition to remove substantially all of a low-k dielectric 
material and a layer of photoresist or other organic material from the surface of a wafer at a 
5 relatively low to moderate controlled rate of removal of about 50- 1 000 angstroms per minute to 
produce a hydrophobic wafer surface, comprises an aqueous solution of an about 1 :2 (v/v) ratio 
of hydrofluoric acid (HF) and 50 % citric acid and/or other organic acid, or about 30 to about 40 
% by volume of 49% HF and about 60 to about 70 % by volume 50% citric acid and/or other 
organic acid, based on the total volume of the composition, with a pH of about 3 to about 4, to 
10 provide a relatively moderate rate of removal of the dielectric and photoresist layers at about 400 
to about 600 angstroms per minute. Another useful composition comprises an aqueous solution 
of an about 2: 1 ratio (v/v) of 40 % ammonium fluoride (NH4F) and 50 % citric acid and/or other 
□ organic acid, or about 60 to about 70 % by volume of 40% NH 4 F and about 30 to about 40 % by 
S| volume of 50% citric acid and/or other organic acid, based on the total volume of the 
lSl composition, with a pH of about 4 to about 6, to provide a relatively low rate of removal of the 
J| j low-k dielectric layer at about 50 to about 1 50 angstroms per minute, preferably about 100 
M angstroms per minute. 

J=, To provide rapid removal of low-k dielectric material at a rate greater than about 1 000 

pi angstroms per minute, preferably greater than about 2000 angstroms per minute, and minimal 
2% - removal of a photoresist layer, a preferred composition is an aqueous solution of 49 % 
I-! hydrofluoric acid (HF) and 50 % citric acid and/or other organic acid in a ratio (v/v) of about 2:1, 
or about 63 to about 70 percent by volume of 49% HF and about 30 to about 36 percent by 
volume of 50% citric acid and/or other organic acid, with a pH of about 2 to about 5, to generally 
achieve a removal rate of about 2300-2700 angstroms per minute. Another useful composition 
25 for fast removal of a low-k material comprises an aqueous solution of 40 % ammonium fluoride 
(NH4F) and 50 % citric acid and/or other organic acid in a ratio (v/v) of about 2: 1 , or about 63 to 
about 70 percent by volume of 40% NH4F and about 30 to about 36 percent by volume of 50% 
citric acid and/or other organic acid, with a pH of about 3 to about 6. 
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A cleaning composition for substantially complete removal of both a low-k layer and 
photoresist layer can also be prepared with an organic fluoride such as hydrogen fluoride 
pyridinium combined with an inorganic acid such as sulfuric acid. A preferred composition 
comprises an about 1 :5 ratio (v/v) of hydrogen fluoride pyridinium and 90 % sulfuric acid 
5 (H 2 S0 4 ), and/or other inorganic acid, or about 1 3 to about 1 9 % by volume hydrogen fluoride 
pyridinium and about 80 to about 86 % by volume of 90% H 2 S0 4 and/or other inorganic acid, to 
provide a rapid rate of removal of the photoresist layer and a rate of removal of the dielectric 
layer at about 700 angstroms per minute. 
^^ W s ccond -e iiibud i m ent of a cleaning comp osition accoiding lo the i nv ention, and 
10 method for its use is described with reference to FIGS. 2A-2B. The wafer 30jo^cleaned 

includes a substrate 12, for example, a silicon substrate, and a sui^ee^rCOverlying the surface 
14 of the substrate 12 is an unmasked low-k dielectncJiMor layer 16 having a thickness Ti. 
CI According to the method, the cleaning coippoSition is applied to the wafer 30 for removal of at 
q\ least a portion of the low-k diel^etficlayer 36 from the surface 34 of the silicon-comprising 
1:^: substrate 32. FIG^JWgpicts the portion of the wafer 30 after cleaning. As depicted, the 
5 il thickness T^^ofthe low-k dielectric layer 36 has been reduced to thickness T 2 by the removal 
i = l procpstf: The low-k dielectric layer 36 can also be completely removed to produce a 
%, ''hydrophobic, oxide-free silicon surface 34, as depicted m FIG7IB7-7 
p| The foregoing cleaning compositions can be formulated according to the invention to 

2 fK provide removal of at least a portion of the low-k dielectric layer 16 from the surface of a 
semiconductor wafer at a rapid rate of removal (> 1 000 angstroms per minute) or a more 
controlled low to moderate rate of removal (about 50 to about 1000 angstroms per minute). A 
slow and controlled removal of low-k dielectric films is desirable in cases where removing the 
low-k dielectric material too quickly from the wafer leads to inadequate process control and 
25 causes difficulty in process integration. This is important when the objective is to remove small 
amounts of the low-k dielectric, such as from a silicon contact area. For example, in a post-etch v 
cleaning, it is desirable to selectively remove a low-k dielectric material from a wafer at a slow 
and controlled rate in order to remove a small amount of the dielectric material from an etched 
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is: 


2a. 


feature and leave the bulk of the film intact. In that case, a preferred etchant composition is one 


that is formulated with a dilute HF ratio. 
^ ^Tferompositifln^ be used to selectively remove all or a portion 


sked low-k 


25 


dielectric layer while leaving the photoresist mask essentially intact. Such a composite 
useful where wet patterning is required (rather than RIE). "The^ompositioifislomulated to 
provide an etch selectively ratioj)fjibouJ_50H-t^^ for a low-k dielectric-photoresist 

whereby JheJoMtk^teiectncm is selectively removed without attacking the photoresist or 
l organic m aterial 

Another embodiment of a cleaning composition according to the invention, and a method 
for its use to remove photoresist from a wafer surface while leaving an underlying low-k 
dielectric layer essentially intact on the wafer surface, is described with reference to FIGS. 3A- 
3B. A portion of a wafer 40 is shown which includes a substrate 12, for example, a silicon 
substrate, with a surface 14. A layer or film of a low-k dielectric material 16 overlies the surface 
14 of the substrate 12. Overlying the low-k dielectric layer 16 are portions of a photoresist mask 
1 8. According to the method, a cleaning composition is applied to a wafer 40 to provide 
selective removal of substantially all of the photoresist mask layer 18, while leaving the 
underlying layer of low-k dielectric layer 16 essentially intact. FIG. 2B depicts the portion of 
the wafer 40 after cleaning, with the photoresist layer 18 having been completely removed by the 
cleaning process with the low-k dielectric material remaining on the wafer substrate 12. 

^^Tfes- cl c aning m c thud is pailiiula rr y useful for remo ving a photoresist layeraffi 
processing step, or in a rework application to remove a misaligneii^esisnriask^ 
is formulated to provide an etch se\ecti^jatie^faSmA200:\ for a low-k dielectric:photoresist 
in which the photoresisUnaterians^electively removed at about 200 angstroms/minute without 
substantiaUy^ttacklng the low-k dielectric material, or a rate of removal of up to about 1 
Isttom/mjnute: — • 

A useful composition for the sole removal of a photoresist mask layer or other organic 
layer overlying a low-k dielectric layer comprises an aqueous solution of an inorganic fluorine- 
comprising compound and a major amount of an organic acid such as a 50% citric acid, with a 
pH of about 3 to about 4. A preferred composition comprises an about 1:100 (v/v) of an 
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b\ motg amc flqonri e=cofflpmm g cuinpomid and an about 20 tu abuut 60 %, preferably abo utio' 
/ to about 50 %, aqueous solution of an organic acid. Preferably, the inorgaric-fktrJnne^ 
comprising compound is included in an amount of up toabdttr2^Tbyvolume, preferably about 
0.5 % to about 1 .5 % by volume, and the oj^nic^cid is included in an amount of up to about 
5 99.5 % by volume, preferably abouJ^5% to about 99.5 % by volume, based on the total 
volume of the composition^vith a pH of about 3 to about 3.5. A preferred composition 
comprises an abouJ^lOO ratio of 49 % HF and 50 % citric acid and/or other organic acid, which 
provides ajateof removal of the photoresist layer at about 400-600 angstroms per minute with 
anejetfselectivity for a low-k material relative to a polymeric photoresist material of at least 
l&ou tjOO:!. * 

To clean a wafer surface according to the invention, the wafer is placed in contact with an 
appropriately formulated cleaning composition to remove the desired layer or layers at a desired 
==j rate of removal. The cleaning composition can be applied using a conventional wet chemical 
yi application technique as known and used in the art. For example, one or more wafers can be 
1 ^ j placed vertically in a carrier or boat and then submerged in a recirculating bath of the cleaning 

composition, with or without agitation for about 5-10 minutes, depending on the thickness of the 
k= layer to be removed. The cleaning composition can also be sprayed onto the surface of the 
^ wafer. Preferably, a substantially constant concentration of the reactive components of the 
□I cleaning composition is brought into contact with the wafer surface so that a uniform rate of 
2fu removal can be maintained to allow for process uniformity and the desired extent and 
completeness of removal. 

In the cleaning of a wafer, the cleaning composition can be used at a temperature of about 
15°C. to about 30°C, preferably at about 15°C. to about 30°C. High temperatures of about 40 to 
about 60° C. can be typically used to achieve faster etch rates. In a selective removal of a 
25 photoresist mask or other organic material and not a low-k dielectric layer, it is preferred that 
lower temperatures of about 15°C. to about 30°C. are used to improve the selectivity of the 
low-k dielectric material over the photoresist. 

Depending on the composition of the cleaning composition, other selective etch 
ratios/rates are within the scope of the present invention. The selectivity and removal time can 
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be adjusted and controlled by varying the concentrations of the fluorine-comprising compound 
and the acid component, as further illustrated in the examples. The selectivities vary as the v/v 
ranges increase and decrease. Generally, a composition formulated to comprise a major amount 
of HF will provide a high etch of the low-k dielectric material selective to the resist. With a 
5 major amount of the acid component and a lower content of the fluorine-comprising compound, 
good removal of the resist selective to the low-k dielectric material will be achieved. 

The following examples are given to illustrate specific preferred embodiments of the 
present invention. Numerous other variations, however, are within the scope of the present 
invention. 

10 EXAMPLE 

This example studies the effect of varying the fluorine-comprising component (49%HF 
or 40% NH4F), and the v/v ratios of the fluorine-comprising component and the acid component 
□ (50% citric acid) on the rate of removal of a low-k dielectric and a photoresist layer (OIR 897- 
131 101) from a silicon wafer surface. 

1! TABLE 1 


' Run# 

Fluorine 
component 

Parts (v) 

Acid 
Component 

Parts (v) 

Low-k 
removal rate 
(A/min.) 

Photoresist 
Removal 

i 1 

49% HF 

100 



Negligible 

Negligible 

! 2 

49% HF 

100 



b negligible 

Negligible 

3 

40% NH4F 

2 

50% citric acid 

1 

100 

negligible 

4 

49% HF 

2 

50% citric acid 

1 

2500 

negligible 

5 

49% HF 

1 

50% citric acid 

2 

500 

complete 

6 

49% HF 

1 

50% citric acid 

100 

Negligible 

complete 

r 

Hydrogen 
fluorine 
pyridinium 
(anhydride) 

1 

90% sulfuric acid 

5 

Complete (700) 

Complete 
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Repeated acid/water dips over 30 minutes, produced non-uniform flaking without 
dissolution of the low-k dielectric or photoresist. 

b A single, prolonged immersion (20 + minutes) showed little or no effect on removal of the 
5 low-k or lOi photoresist. 

The wafer surface had a 3000 angstrom layer of trimethylsilane (TMS) only (no photoresist 
layer). 

10 The surface of the wafers had a layer of chemical vapor deposited (CVD) trimethylsilane- 

based low-k dielectric film (TMS delivered in H 2 and N 2 0) about 3000 angstroms thick, and an 
overlying layer of photoresist. The wafers were immersed in a beaker of the cleaning solution. 
Run Nos. 3-6 were immersed in solution for multiple tests, from 30 seconds to 4 minutes. The 
low-k dielectric removal rates were determined by using a UV1250 spectroscopic ellipsometer. 
15 The results show that changing the fluorine-comprising component, and varying the 

; n amounts of the fluorine and acid components alters the rate of removal of a layer of low-k from 
the wafer surface. 

HI The results of Run Nos. 1-2 show that HF used alone was ineffective in removing 

ih dielectric and photoresist material from the wafer surface. The use of HF alone resulted in 
2jT pieces of the TMS-based low-k dielectric film and photoresist flaking off and floating on the 
r) surface of the cleaning solution, without significant dissolution. 

Q The results of Runs 3 and 4 show the effect of varying the inorganic fluorine component 

|~ J; that is used on the rate of removal of the TMS-based low-k dielectric layer. A 2:1 of NH 4 F:citric 
1=1 acid provided a low-k dielectric removal rate of about 100 angstroms per minute, while a 2: 1 of 
25 HF: citric acid provided a low-k dielectric removal rate of about 2500 angstroms per minute. 

The results of Run Nos. 4-6 show the effect of varying the weight ratio of the organic 
acid (50% citric acid) and the fluorine component (HF) on the rate of removal of the TMS-based 
low-k dielectric film and a polymeric photoresist mask layer from the surface of the wafer. A 
1 : 100 HFxitric acid ratio resulted in complete removal of the photoresist while leaving the low-k 
30 layer intact on the surface of the wafer. A 1 :2 HF:citric acid ratio resulted in complete removal 
of both the photoresist and the TMS-based low-k dielectric film layers, with a moderate rate of 
removal of the low-k layer at about 500 angstroms per minute. A 2:1 ratio of HFxitric acid ratio 
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resulted in rapid removal of TMS-based low-k dielectric film at about 2500 angstroms per 
minute, and negligible removal of photoresist. 

In compliance with the statute, the invention has been described in language more or less 
specific as to structural and methodical features. It is to be understood, however, that the 
5 invention is not limited to the specific features shown and described, since the means herein 
disclosed comprise preferred forms of putting the invention into effect. The invention is, 
therefore, claimed in any of its forms or modifications within the proper scope of the appended 
claims appropriately interpreted in accordance with the doctrine of equivalents. The disclosure 
of cited patents are incorporated by reference herein. 


600078v3 


14 


Express Mail No. EL700461001US 


